MATERIALS AND METHODS
The animals used in this study were specific-pathogen-free C57BL/6J mice purchased from Charles River Japan Co. After the animals were reared for two weeks for health check and acclimating to a new environment, 10-to-15-week-old female mice were mated overnight with 12-to-17-week-old male mice. The result ant fetuses and female younglings were then used as the subjects of this study. The female mice were divided into four groups as follows:
(1) No irradiation (control group).
(2) 1-Gy y-irradiation on the 15th fetal day. The number of mice in each group is shown in column 2 of Table 1. Mice that died within 100 days of birth were excluded. In almost every case, the cause of such early death was an unavoidable accident. Gamma radiation was carried out with a 148 GBq (4,000 Ci) Cesium-137 source at the dose rate of 0 .25 Gy/min. The mice were placed in individual plastic cages during irradiation . All mice were reared and observed throughout their respective life spans under the con ventional conditions with a high-level sanitary standard and restricted human access. The health conditions of the animals were checked twice daily , and their life spans were recorded. Immediately after death, tissues, including the suspected tumor, lungs, liver, spleen, heart, kidneys, uterus, ovaries and pancreas , were taken from each mouse for histological examination following gross necropsy . Table  2 , there were no significant differences among the groups in the observed incidences of tumors. were predominant in the groups irradiated postnatally. The types of tumors varied more widely in the 4-Gy y-irradiated group than in the other groups.
Osteosarcoma, fibrosarcoma and myeloid leukemia were seen only in the 4-Gy ,y -irradiated group . No significant difference was detected in the incidence of each kind of tumor between the control group and group irradiated at a fetal stage. The summed percentage of the incidence of each tumor exceeded 100% in every group, since some mice were multiple-tumor bearers. The average tumor number per tumor-bearing mouse was the highest in the animals that underwent 4-Gy ,y-irradiation on the 30th postnatal day. 
DISCUSSION
It has been previously demonstrated that the spontaneous incidence of neoplastic lesions is very low in C57BL intact mouse.
In the present study, the incidence of tumors in the non-irradiated control mice showed a high value of 75.7%. Lymphoreticular tissue neoplasms and breast tumor comprised the majority of tumors. Some reports stated that lymphoreticular tissue neoplasms developed frequently in C57BL/6 mice, 1). Mewissen indicated that more tumors developed in various sites, as the mouse life span was greatly prolonged through improved maintenance conditions). We reared the mice in the conventional barrier-free condition. Nevertheless, the tumor incidences were much the same as those reported by other investigators with C57BL mice in SPF conditions'-7).
Only a few mice died of infectious diseases during the long experimental period, indicating that the animals were reared in well-controlled hygenic conditions.
In the present study, the life span was not shortened significantly following 1-Gy -f-irradiation on the 15th fetal day. Nor was a significant difference in incidences or types of tumors recognized between the mice irradiated at the fetal stage and the non-irradiated control mice. The results did not indicate that fetal mice were higher susceptible to the carcinogenic and life shortening effects of radiation. Upton et al. reported that the carcinogenic susceptibility of fetal mice to radiation was low'). With the mice that were irradiated on the 30th postnatal day, however, a difference in the type of tumors was observed between the control and irradiated animals. It should be noticed that there was an increase in the incidences of thymic lymphoma and ovary tumor as a result of irradiation at postnatal stage. In the group that underwent 4-Gy y-irradiation at the age of 30 days, the overall incidence of tumors and types of tumors increased. Thus, the results indicated that carcinogenic susceptibility of postnatal mice to radiation is higher than that of fetal mice.
Many previous studies have emphasized the necessity of correction for com peting risk in order to estimate the mean age at death and the incidences of late occurring neoplasms'). Many studies, however, have not taken sufficient care in the statistical analysis of the data. The distributions of the ages at death differed considerably among the various neoplasms. The incidence values of the tumors that appeared late in life is underestimated because of competition with pre existing risks, and, for the reason, estimation of the adjusted incidence values of tumors is necessary. For calculating the adjusted values, three statistical meth ods were applied in this study; (1) the age-standardized mortality method, (2) the Culter-Ederer method' °) and (3) the Kaplan-Meier method", , s z). The adjusted incidences of thymic lymphoma, breast tumor and reticular tissue neoplasm are shown in Table 4 , 5 and 6, respectively. Table 7 shows the adjusted mean age at death according to tumor type. In the breast tumor and reticular tissue neoplasm, which appeared at a later stage of life, the observed incidences and ages at death were considerably different from the adjusted ones according to the Culter Ederer and the Kaplan-Meier methods. This sort of difference, however, was not observed with thymic lymphoma, which appeared at an early stage of life. The observed incidence value of thymic lymphoma increased by irradiation at post natal stage. However, as a result of adjustment with the Culter-Ederer and the Kaplan-Meier methods, it was proved that the incidence did not represent a change. In the breast tumor, the observed incidence showed a higher value in the non-irradiated group, but the adjustment with the Culter-Ederer and the Kaplan Meier methods made it clear that the incidence was not different from the irra diated group. In case of reticular tissue neoplasm, the adjusted incidence values with the Culter-Ederer and the Kaplan-Meier methods in irradiated groups became significantly lower than that of the control group. The Culter-Ederer and the Kaplan-Meier methods adjust for competing risk in every group in order to estimate accurate tumor incidence, but on the other hand the age-standardized method dose not adjust in the control group.
It was concluded from this study that the Kaplan-Meier and the Culter Ederer methods are appropriate adjustment techniques and that the adjustment for competing risk is essential for an accurate quantitative estimation of car cinogenic effects.
